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Carbon Dioxide Output of Vrog-skin. 


Bleanor H. Slifer 


A Thesis submitted to the Faculty of the Graduate School 
of the University of Pennsylvania in partial fulfillment of the 


requirements for the degree of Master of Science. 


1926. 


R, 
yaa 


ine 


Ty} Se 


we cr 


NFAT 


Prog-skin is a relatively simple tissue consisting of a 
few layers of cells with small glands scattered just below and 
extending up thru the surface layer. It is easily removed from 
the animal and, when properly treated, will remain in a living con-~- 


dition for many hours. Such a substance has been extensively used 


and offers many interesting possibilities for experimentation. At 
the suggestion of Doctor Bodine a study of the rate at which it 
produces carbon dioxide was undertaken. : 

The method used for the determination of carbon dioxide 
was @ modification of that developed by Osterhout and Hate (1) and 
consisted of the immersion of the skin in @ vial containing Ringer's 
solution colored with phenol red and the comparison of the color 
chenges occurring in thie solution with the colores of a series of 
standards containing known amounts of carbon di oxide. 

Five Pyrex vials wi th ground-glass stoppers and each with 
& measured capacity very close to <0 c.c. were chosen. These, as 
well as the rest of the apparatus, were frequently boiled with 
ai sti lied water in order to remove any traces of acid or alkali which 
might disturb the results. 6 ¢.c. of Ringer's solution, colored 
with phenol red, were placed in each vial. ‘Two, sometimes three, 
of these were used as receptacles in which to test the carbon dioxide 
output of the skin. Into the remaining vials carbon dioxide sa turat- 
ed water, in definite quantities, was introduced so as to give a 
graded series of standards. 

Phe frog: was then pithed. The white ekin from the abdomen, 
throat and ventral surface of the legs wee employed because it 
interfered less than did the pigmented portions in the judgment of 
any color changes later occurring in the liquid in which it was to 


be placed. As soon as the skin had been removed it was spread out 


539488 


on & clean glase plate, covered with Ringer's solution, and scraped 
very gently in order to remove any adherent blood vessels or 
muscle tissue. | Then it was cut into two, three or more pieces, 
- aecording to the requirements of the experiment, and kept until 
needed in en open beaker containing Ringer's solution. <A piece of 
skin was then renoved from the beaker, laid flat on a piece of 
filter paper end pressed gently with another bit of paper in order 
that the amount of mdsture carried into the viel with the skin be 
ae uniform as possible in each experiment. The skin was then trans- 
ferred immediately to the vial in which it was to be tested. The 
time wae recorded and the eolution carefully observed in order to 
detect any changes taking place in its color. 

: At frequent intervals the viel was shaken so that any gases 
_ produced might be distributed more rapidly between the liquid and the 
air above it. This was done quickly and with the top of the vial 
held by the tips of the fingers so as to prevent, as far as possibile, 
any variati dae in the temperature which might be caused by the warmth 
of the hand. All color comparisons were made a gainst a white back- 
ground and with the light from a north window, the vials being slanted 
in sucha way that slight differences in color could best be detected. 
When the color of the solution containing the skin accorded exactly 
with that of the first standard the time was noted. The same thing 
wae done when the other standards were reached. During the work, as 
special problems presented themselves, minor variations were made in 


the method and these will be described more fully below. 
fhe experiments extended over February, March, April and 


May end approximately sixty pieces of skin from twenty-three differ- 
ent froge were tested. Seven R. catesbiana and one R. palustris were 


used the remainder being, for the most part, R. pipiens or closely 


peers 


related species. The Vateave ture during the course of the work 
varies from 19 to 25 C. but in the case of any particular experiment 
remained constant. No experiment wae allowed to extend over more 
than six hours and this probably eliminated bacterial growth as a 
source of error. 

The first thing necessary to know was whether or not frog- 
skin in Ringer's solution does produce an acid. That it does can be 
clearly and easily demonstrated in the presence of an indicator such 
as phenol red. ‘The acid formed under these conditions is quite 
ee ee TIONED OFF 0m Bending. Yor Ommmple, if tue 
samples of Ringer's solution, oolored, wi th frog-skin and become quite 
yellow, are boiled, each will present, after a short time, exactly the, 
coloration. The acid expelled by heat is carbon dioxide. Were any 
non-volatile acids given off by the skin the solution would not re- 
g@in ite original color on boiling. 

It is reasonable to suppose that a tissue such as frog-skin 
produces carbon dioxide in amounts directly proportional to its 
Weight. That this is the case was demonstrated repeatedly during 
these experiments. ‘wo pieces of skin of equal weight and from the 
same animal, when treated in exactly the same way, give ap proximately 
identical results. Fig. I shows, graphically, how closely the mtes 
of different bits of skin from the same frog resemble one another. 
Pieces of skin from two different frogs, however, do not produce car- 
bon dioxide at exactly similar rates. Individual and probably 
specific differences, as well as seasonal variations, play a part. 

ae skin when first placed in the vial produced carbon dioxide 
ata rate so rapid as to be quite striking. This outburst or * gush" 


Was soon followed by a gradual and steady decline which continued as 
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long as did the experiment. This peculiarity is well show in Fig. 
I. It seemed possible that the accumulation of the ecid within 
the closed vial might be the cause of the retardation of further 
carbon di oxide production by the skin and a series of experiments 
was attempted in order to test the value of this suggestion. 

Two pieces of skin were selected from the same animal. One 
piece was put in Ringer's solution as usual; the other was placed in 
@ viel also containing Ringer's solution but to which a drop of 
carbon ai oxide saturated water had been added, so that its color was 
exactly that of the first standard. The rates at which the two 
pieces of skin gave off carbon dioxide were then chommred and it was 
found that the skin placed in the solution containing carbon dioxide 
produced this gas much more slowly than did the skin which was in 
ordinary Ringer's solution. Moreover, the rate of carbon dioxide 
production of the skin in the solution with a pH equel to that of 
the first standard was closely comparable to the rete at which the 
skin used as a control gave off this gas, after the pH of its 
gOlution, thru the accumulation of carbon dioxide produced by it- 
self, had become the same as that of the first standard. The ex- 
periment was repeated with fourteen different frogs and the relation 
between the two rates was much the same in each case. The results 
of a typical exporinent are shown in Fig. Ii. 

It was calculated that the drop of carbon dioxide ature ted 
water added to the Ringer's solution contained, according to the 
temperature, from 0.0000278 to 0.00003435 grams of carbon dioxide. 
The possibility that such a minute amount ef a substance could pro- 
duce such radical changes in the rete of respiratory metabolism 
appeared, at first that, highly improbable. But amore thoro con- 
sideration of the matter helped to eliminate this objection. The 
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amount of carbon dioxide added, even tho so small in itself, caused 
@ considerable change in the pH of the solution. Physi ological 
oxidations are supposed to be dependent on enzymes and enzymes are 
profoundly affected by slight changes in pH. Hence it is not at all 
unlikely that even small amounts of carbon dioxide, when not allowed 


to escape from the solution bathing the tissue, have a very signifi- 
cant effect on its rate of carbon dioxide. production. The unusual 


physi ological action of carbon dioxide itself must not be forgotten. 
According to Juoods (2) ite toxic effect is decidedly higher than 
that of other acid solutions of the same pH. This he explains by 
the fact that carbon dioxide in its gaseous state passes thru cell 
Walls much more readily than eubetances of & more solid nature. Once 
inside the cell it reacts with the water there to form carbonic acid 
which, on dissociation, has a harmful effect on the protopleem. 
Might it not be that the decreasing rate of carbon di oxide 
production was due to the gradual death of the skin? In order to 
test this possibility a number of experiments were performed. A 


frog was pithed and skinned in the usual manner. ‘the desired portion 


of skin was cut in half and one piece was placed in a vial and 

tested immediately; the other wee allowed to remain in an open beaker 
of Ringer's solution for a considerable time - five hours in one case - 
and then tested in order to determine its rate of respiratory ex- 
changes. When the results of the two procedures were compared it 

was found that there was almost no difference between them. Carbon 


Gioxide was given off by the skin which had undergone the prolonged 
treatment with Pinger's solution at a rate which was remarkably close 


to that at which the skin newly removed from the animal's body had 
produced it. Such a condition is represented in Pig. III. The re- 


sults of a number of experiments of this nature agreed so closely 


that little doubt remained as to the ability of the isolated skin, 
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when properly treated, to maintain a nearly normal rate of carbon 
dioxide production over many hours. ‘The death of the skin was thus 
eliminated as a possible explanation for the typical curves ob- 
tained by the use of this method. 

What would happen if the carbon dioxide, after causing 
this depreesion in the rate of respiratory metabolism, were removed? 
In order tO answer this question pieces of skin which had been tested 
in closed vials and kept there until their rates of carbon dioxide 
production had fallen quite low, were placed in an Open beaker of 
Ringer's soluti on (shich Was shaken occasionally so ac to hasten 
the sseape of the excess carbon dioxide) and allowed to remain there 
for ten minutes or more. after the skins had been thoroly washed in 
this way they were placed back in the viele (which had meanwhile 
been boiled out with distilled water) and retested. ‘the resulting 
rates agreed so closely with the original rates that the abi lity 
of the skin to return to its normal condition, efter the inhibiting 
factor had been removed, was quite apperent. In other words, the 
action of small amounts of carbon dioxide is o reverai bie one. This 
agrees Well with the theory that oxidatione, in living tissues, are 
enzymic in nature. Wach enzyme, it is believed, works best at a 
definite and characteristic pH value. slight variations above or 
below this value decrease its effectiveness, but unless the change 
is an extreme one the enzyme is capable of resuming ite maximum 
abiki activity when the proper pH ie restored. It seems likely that 
this explanation fits the case under discuesion. 

It is of interest to note at this point that G. H. Parker 
(3) hae investigated the carbon dioxide output of dog-fish nerve 
with apparatus very similar to that used in the present series of 


studies. When his results, expressed in the form of graphs. are 
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i 
examined it is fould that there ie a remarkable resemblance between 


the curves produced in his experiments and tnose in the present 
ones. The initiel “gush* of carbon dioxide, &s he calls it, ie 
soon followed by a much lower rate of production. Parker proposes 
several explanations for this but does not consider the possible 
effects of carbon dioxide accumulation. The suggestions offered 
in this peper might possibly account for such resuits. 

The effects of distilled water on frog-skin were aleo in- 
vestigated. Carbon dioxide production dropped to almost nothing 
when the skin was immersed in this liquid. In one experiment the 
standards were made up with, and the skins were tested in vials 
containing, besides the indicator, nothing but distilled weter (which 


head been boiled in order to drive off any carbon dioxide dissolved 


in it, and then cooled). During the first five minutes the solution 
became slightly more acid but after that no perceptible change in 
color occurred, altho the experiment extended over many hours. 

Can frog-skin cocever from the effects of exposure to 
Gistilled water? The white skin from a frog was cut into two 
pieces; one was placed in an open beaker of Ringer's solution and the 
other in a similar vessel of dietilled water. Here they remained for 
seventy-five minutee. At the end of thia time the sink which hed 
been in the distilled water was found to be unnaturally rigid and 
quite unlike the other skin in appewrance. ach was removed, placed 
in @ vial containing Ringer’ solution and tested in the usual way . 
The skin which had been treated with distilled water gave off carbon 
dioxide at a higher rate than the control skin. After a short time 
the rate approached that of the normal tissue and then fell below 
it. The results are compared in Fig. IV. Only four experimente of 
this kind were performed, the results, however, being similar in 
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each case. As yet no explanation for this phenomenon has been form- 
ulated. 

The object of these experiments, at the outset, was to de-~- 
termine the rate at which frog-skin produces carbon dioxide. But if 
the conclusions draw during the preceding discussion are correct - 

as at present they appear to be - it is safe to say that the 
actual rate of carbon dioxide production by such a tissue as frog- 
kin cannot be determined with the method here used. Apparatus is 
needed which will remove the carbon dioxide as fast as it is formd. 
It is probable that the normal rate of carbon dioxide production 
by frog-skin is most nearly approximated by figures which would be a 
little above the mte at which carbon dioxide is given off during 
the first few moments of the experiments just described. 

(Following the summary e graphic repreeentatioh of each 
experiment perforned will be found.) 
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Summary. 

1. Carbon dioxide, and no other acid, is given off, in 
amounts directly proportional to its weight, by frog-skin immersed 
in Ringer's solution. _ 

2. The carbon dioxide produced by the skin, when not 
allowed to escape, retards the further production of carbon dioxide. 


3. Frog-skin, in Ringer’ s solution, when the carbon 


dioxide given off by it is allowed to escape, maintains a nearly 


normal rate of carbon dioxide production over many hours. 


Rg ene eee 
: ee 


4. Skin, whichis producing crbon di oxide at @ decreased 
rate because of the presence of small quantities of carbon dioxide 


a a ee Oe 


ean be restored to its normal condition by the removal of the carbon 
dioxide. 

5. Distilled water causes &n almost complete cessation of 
carbon dioxide production by frog-ekin. This effect, on the removal 
of the inhibiting factor, aleo appears to be reversible. 
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